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Abstract
It is known that Ashtekar’s formulation for pure Einstein gravity can be cast
into the form of a topological field theory, namely the SU(2) BF theory, with the B-
fields subject to an algebraic constraint. We extend this relation between Ashtekar’s
formalism and BF theories to N = 1 and N = 2 supergravities. The relevant gauge
groups in these cases become graded Lie groups of SU(2) which are generated by
left-handed local Lorentz transformations and left-supersymmetry transformations.
As a corollary of these relations, we provide topological solutions for N = 2 super-
gravity with a vanishing cosmological constant. It is also shown that, due to the
algebraic constraints, the Kalb-Ramond symmetry which is characteristic of BF the-
ories breaks down to the symmetry under diffeomorphisms and right-supersymmetry
transformations.
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1 Introduction
Since its birth in the mid eighties, Ashtekar’s formulation for canonical gravity[1] has been
vigorously investigated by many people as a promising approach to the nonperturbative
quantum gravity[2]. A merit of Ashtekar’s formalism is that the Hamiltonian constraint,
or the Wheeler-Dewitt equation[3], takes a polynomial form in terms of new canonical
variables. Thus we expect that, using Ashtekar’s formalism, we can solve the constraint
equations which has never been able to solve in the conventional metric formulation[4].
In fact several types of solutions are found. They are roughly classified into two
types: “loop solutions” which consist of Wilson loops[5][6][7] and; “topological solutions”
which are also solutions for a topological field theory[8]. The latter type includes the
Chern-Simons solution in the case with a nonvanishing cosmological constant Λ[9]. The
existence of these topological solutions suggests the relationship between Ashtekar’s for-
malism and a topological field theory, namely the SU(2) BF theory[10]. It was indeed
shown that Ashtekar’s formalism can be obtained from the SU(2) (strictly speaking the
chiral SL(2,C) ) BF theory with the B field subject to an algebraic constraint [11][12][13].
Ashtekar’s formalism is also applied to supergravities with N = 1[14][11] and with
N = 2[15]. In the case of N = 1 supergravity also, topological solutions [16] including
Chern-Simons solutions[17][18] were found. As for the N = 2 case, only the Chern-Simons
solution was found[17]. This fact implies the relation between N = 1, 2 supergravities
and BF theories with appropriate gauge groups. We expect that, if these relations can
be made transparent, we can make further progress for investigation of quantum gravity
both technically and conceptually.
In this paper we show explicitly that Ashtekar’s formulation for N = 1 and N = 2
supergravities can indeed be cast into the form of BF theories with the B-fields subject
to algebraic constraints. The relevant gauge groups in these cases are provided by graded
versions of SU(2) which are generated by left-handed local Lorentz transformations and
local left-supersymmetry transformations (plus U(1) gauge transformations in the N =
2 case). These relations not only elegantly explain the existence of above mentioned
topological solutions but also predicts the existence of topological solutions in the case
with N = 2 and Λ = 0. We also show how the algebraic constraints for B-fields breaks
the Kalb-Ramond symmetry of the BF theories [19][10] down to the symmetry under
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diffeomorphisms and right-supersymmetry transformations.
The presentation of this paper is as follows. Once the relations to the BF theories
are established, the arguments are almost parallel for the cases of pure gravity and of
N = 1, 2 supergravities. So only the N = 1 case is dealt with in detail. After briefly
reviewing the relation between pure gravity and the SU(2) BF theory in §2, we derive the
action of N = 1 chiral supergravity from that of the GSU(2) BF theory in §3. Canonical
quantization of the GSU(2) BF theory is also discussed in §3. Λ = 0 case is a little
peculiar and the reduced phase space in this case is shown to be the cotangent bundle
over the moduli space of flat GSU(2) connections on the spatial manifold M (3) modulo
gauge transformations. In §4 we show that N = 2 supergravity is obtained from the BF
theory whose gauge group being an appropriate graded version of SU(2), which we will
henceforth call G2SU(2). Unlike in the pure gravity and N = 1 cases, we cannot find
the relation easily because the N = 2 chiral action involves a quadratic term in auxiliary
fields. Replacing this quadratic term by linear terms in auxiliary fields, we make the
relation to the G2SU(2) BF theory manifest. For N = 2 supergravity the Λ = 0 case
is somewhat different from those in the N = 0, 1 cases because the reduced phase space
does not possess cotangent bundle structure. We also provide the formal “topological”
solutions for the N = 2, Λ = 0 case. In §5 we discuss possibilities of future developments.
Finally we provide the convention used in this paper: i) µ, ν, · · · stand for spacetime
indices; ii) a, b, · · · are used for spatial indices; iii) A,B, · · · represent left-handed SL(2,C)
spinor indices; iv) i, j, · · · denote indices for the adjoint representation of (the left-handed
part of) SL(2,C); v) ǫ˜abc(
∼
ǫabc) is the Levi-Civita alternating tensor density of weight +1
(−1) with ǫ˜123 =
∼
ǫ123 = 1; vi) ǫ
ijk is the antisymmetric (pseudo-)tensor with ǫ123 = 1;
vii) ǫAB (ǫAB) is the antisymmetric spinor with ǫ
12 = ǫ12 = 1
1; viii) relation between a
symmetric rank-2 spinor φAB and its equivalent vector φi in the adjoint representation
is given by φAB = φi(σ
i
2i
)AB, where (σi)AB are the Pauli matrices with (σ
i)AC(σ
j)CB =
δijδAB + iǫ
ijk(σk)AB ; ix) D = dx
µDµ denotes the covariant exterior derivative with respect
to the SU(2) connection A = AiJi and ; x) indices located between ( and ) ([ and ]) are
regarded as symmetrized (antisymmetrized).
For simplicity we will restrict our analysis to the case where the spacetime has the
1These antisymmetric spinors are used to raise and lower the spinor index: ϕA = ǫABϕB, ϕA =
ϕBǫBA.
3
topology R×M (3) with M (3) being a compact, oriented, 3 dimensional manifold without
boundary.
2 SU(2) BF theory and Ashtekar’s formalism
In this section we provide a brief review of the relationship between SU(2) (or, strictly
speaking, chiral SL(2,C)) BF theory and Ashtekar’s formulation for pure gravity [11] [12]
[13]. We start with the action of the BF theory:
− iIBF =
∫
Tr(B ∧ F −
Λ
6
B ∧ B), (2.1)
where B = ΣiJi =
1
2
Σiµνdx
µ ∧ dxνJi is an SU(2) Lie algebra-valued two-form and F =
dA+ A ∧ A is the curvature two-form of an SU(2) connection A = AiJi = A
i
µdx
µJi
2.
This action is invariant under SU(2) gauge (or left-handed local Lorentz) transforma-
tions
δθB = [θ, B]
δθA = −Dθ ≡ −dθ − [A, θ], (2.2)
where θ = θiJi is an SU(2)-valued scalar. Action (2.1) has the additional symmetry, the
(generalized) Kalb-Ramond symmetry[19][10]:
δφB = −Dφ ≡ −dφ− A ∧ φ− φ ∧A
δφA = −
Λ
3
φ, (2.3)
where φ = φiJi is an SU(2)-valued one form. This Kalb-Ramond symmetry includes
the symmetry under the diffeomorphisms. We use as φ the B-field-dependent parameter
φµ = v
νBµν . Then by using equations of motion
F −
Λ
3
B = DB = 0,
we obtain the infinitesimal diffeomorphism generated by the vector v = vµ ∂
∂xµ
plus the
SU(2) gauge transformation generated by θ = vµAµ:
δφB|φµ=vνBµν = LvB + δθB|θ=vµAµ
δφA|φµ=vνBµν = LvA + δθA|θ=vµAµ, (2.4)
2 Ji denote the SU(2) generators subject to the commutation relations [Ji, Jj ] = ǫijkJk. Tr is the
SU(2)-invariant bilinear form: Tr(JiJj) = δij
4
where Lv denotes the Lie derivative with respect to the vector v. The derivation of
these equations needs the equations of motion. However, the equations of motion for
the BF theory are either first class constraints or equations which yield conditions for
the temporal components of the fields. As is seen shortly, in the canonical formalism,
temporal components are considered to be Lagrange multipliers which play the role of the
gauge parameters. The diffeomorphism invariance is thus considered to be a particular
form of the Kalb-Ramond symmetry as far as the physical contents of the BF theory are
concerned.
In order to rewrite the action (2.1) in the canonical form, we simply identify the zeroth
coordinate x0 with time t. The result is
− iIBF =
∫
dt
∫
M (3)
d3xTr[π˜aA˙a + AtG+ ΣtaΦ
a]
=
∫
dt
∫
M (3)
d3x(π˜aiA˙ia + A
i
tG
i + ΣitaΦ
ai), (2.5)
where we have set π˜a = π˜aiJi ≡
1
2
ǫ˜abcBbc and A˙ =
∂
∂t
A. This system involves two types of
first class constraints. Gauss’ law constraint
G = GiJi ≡ Daπ˜
a (2.6)
generates the SU(2) gauge transformations and the remaining constraint
Φa = Φai Ji ≡
1
2
ǫ˜abcFbc −
Λ
3
π˜a (2.7)
generates the Kalb-Ramond transformations.
Let us now quantize this system following Dirac’s quantization procedure[20]. We first
read off canonical commutation relations from the symplectic structure. The result is
[Aˆia(x), ˆ˜π
bj
(y)] = δbaδ
ijδ3(x, y).
If we use as wavefunctions the functionals of the connection Aia, the conjugate momenta
are represented by functional differentiations:
ˆ˜π
a
i (x) ·Ψ[A
i
a] = −
δ
δAia(x)
Ψ[Aia]. (2.8)
Next we impose the first class constraints as conditions to which the physical wave-
functions are subject. Gauss’ law constraint simply tells us that the wavefunctions be
SU(2) gauge invariant. The other constraint can also be solved easily.
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For Λ = 0 this is solved by the wavefunctions with support only on the flat connections.
The formal solutions for Λ = 0 case are given by
Ψ[A] = ψ[Aia]
∏
x∈M (3)
∏
i,a
δ(ǫ˜abcF ibc(x)), (2.9)
where ψ is an arbitrary SU(2) gauge invariant functional of the connection. This solution
coincides with that obtained in ref.[8]. This is effectively equivalent to dealing with the
functions on the moduli space of flat SU(2) connections modulo (the identity-connected
component of) gauge transformations3.
For Λ 6= 0 this remaining constraint has a unique solution
Ψ[A] = exp[−
3
2Λ
∫
M (3)
Tr(AdA +
2
3
A ∧ A ∧ A)], (2.10)
which coincides with the Chern-Simons solution found in ref.[9].
Ashtekar’s formulation for pure gravity is obtained from the action (2.1), accompanied
by the following algebraic constraint on the B-field (we set ΣAB = Σi(σ
i
2i
)AB):
Σ(AB ∧ ΣCD) = 0. (2.11)
Solving this algebraic constraint for Σita and substituting the result into the action(2.5),
we find
− iIAsh =
∫
dt
∫
M (3)
d3xTr
(
π˜aA˙a + AtDaπ˜
a − i∼N
1
2
π˜bπ˜c(Fbc −
Λ
3 ∼
ǫbcaπ˜
a)
+N bπ˜c(Fbc −
Λ
3 ∼
ǫbcaπ˜
a)
)
. (2.12)
This is nothing but the action for Ashtekar’s formalism. Thus we easily see that the solu-
tions to the SU(2) BF theory are necessarily included in the solution space of Ashtekar’s
constraints provided that we take the ordering with the momenta π˜ai to the left. This
seems to be natural because we know that the constraint algebra formally closes under
such ordering.
3 GSU(2) BF theory and Ashtekar’s formulation for
N = 1 supergravity
In this section we show explicitly that N = 1 supergravity in Ashtekar’s form can be cast
into the form of the GSU(2) BF theory with the B field subject to algebraic constraints.
3 Because the constraints are at most linear in the conjugate momenta π˜a, we expect that Dirac’s
quantization yields the same result as the reduced phase space quantization, up to minor subtleties[21].
Particularly in the Λ = 0 case, the result of these two quantizations should be identical because the
reduced phase space turns out to be the cotangent bundle on the moduli space of flat SU(2) connections.
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3.1 GSU(2) BF theory
We start with the following BF action
− iIN=1BF =
∫
STr(B ∧ F −
g2
6
B ∧ B), (3.1)
where B = ΣiJi−
1
λg
χAJA is a GSU(2)-valued two-form and F = dA+A∧A is the cur-
vature two form of the GSU(2) connection A = AiJi+ψAJA.4 (Ji, JA) are the generators
of the graded Lie algebra GSU(2)[22]:
[Ji, Jj] = ǫijkJk, [Ji, JA] = (
σi
2i
) BA JB, {JA, JB} = −2λg(
σi
2i
)ABJi, (3.2)
where { , } denotes the anti-commutation relation. STr stands for the GSU(2) invariant
bilinear form which is unique up to an overall constant factor
STr(JiJj) = δij , STr(JAJB) = −2λgǫAB,
STr(JAJi) = STr(JiJA) = 0. (3.3)
If we use eqs.(3.2) and (3.3) and rewrite the action(3.1) in terms of component fields, the
result is as follows
− iIN=1BF =
∫ (
Σi ∧ (F i + λg(σ
i
2i
)ABψ
A ∧ ψB) + 2χA ∧DψA
−g
2
6
Σi ∧ Σi − g
3λ
χA ∧ χA
)
. (3.4)
This action (3.1), or equivalently the action (3.4), necessarily possesses the symmetry
under GSU(2) gauge transformations
δρA = −Dρ ≡ −dρ− [A, ρ],
δρB = [ρ,B], (3.5)
where ρ = θiJi + ǫ
AJA is a GSU(2)-valued scalar, and the Kalb-Ramond symmetry
δξA = −
g2
3
ξ,
δξB = −Dξ ≡ −dξ −A ∧ ξ − ξ ∧ A, (3.6)
4Note that χA and ψA are Grassmann odd fields. Whether an object is Grassmann even or odd can
be determined by whether the number of its Lorentz spinor indices is even or odd.
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where ξ = φiJi −
1
λg
ηAJA is a GSU(2)-valued one-form. Of course these transformations
can be translated in terms of component fields. The GSU(2) gauge transformation (3.7)
is
δρA
i = −Dθi + 2λg(
σi
2i
)ABǫ
AψB
δρψ
A = θi(
σi
2i
)ABψ
B −DǫA
δρΣ
i = ǫijkθjΣk − 2(
σi
2i
)ABǫ
AχB
δρχ
A = θi(
σi
2i
)ABχ
B + λgǫB(
σi
2i
) AB Σ
i. (3.7)
And the Kalb-Ramond symmetry is decomposed as
δξA
i = −
g2
3
φi
δξψ
A =
g
3λ
ηA
δξΣ
i = −Dφi + 2(
σi
2i
)ABη
A ∧ ψB
δξχ
A = λgφi(
σi
2i
)AB ∧ ψ
B −DηA. (3.8)
In almost the same way as in the SU(2) case, we can show that a diffeomorphism is
generated by the Kalb-Ramond transformation (3.6) (or the transformation (3.8)) with
ξµ = v
νBµν , up to a GSU(2) gauge transformation generated by ρ = vµAµ.
Let us now investigate the canonical formalism. Similarly to the SU(2) case we perform
(3+1)-decomposition of the action. The result is
− iIN=1BF =
∫
dt
∫
M (3)
STr(Π˜aA˙a +AtG+ BtaΦ
a)
=
∫
dt
∫
M (3)
(π˜aiA˙ia + 2π˜
Aψ˙aA + A
i
tG
i − 2ψtAL
A + ΣitaΦ
ai − 2χtaAΦ
aA),(3.9)
where we have set Π˜a = 1
2
ǫ˜abcBbc = π˜aiJi −
1
λg
π˜aAJA. From the symplectic potential
Θ = i
∫
M (3)
d3xSTr(Π˜aδAa) = i
∫
M (3)
d3x(π˜aiδAia + 2π˜
aAδψaA) (3.10)
we can read off Poisson brackets between the canonical variables:
{Aia(x), π˜
bj(y)}PB = −iδ
b
aδ
ijδ3(x, y), {ψaA(x), π˜
bB(y)}PB =
−i
2
δbaδ
B
Aδ
3(x, y), (3.11)
with the rest being zero.
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There are two types of first class constraints. One is the Gauss’ law constraint which
generates GSU(2) gauge transformations of the canonical variables under the Poisson
bracket
G = DaΠ˜
a = GiJi −
1
λg
LAJA,
Gi = Daπ˜
ai − 2(
σi
2i
)ABψ
A
a π˜
aB
LA = Daπ˜
aA + λgπ˜ai(
σi
2i
)ABψ
B
a . (3.12)
And the other is the constraint which generates the Kalb-Ramond transformations
Φa =
1
2
ǫ˜abcFbc −
g2
3
Π˜a
= ΦaiJi + Φ
aAJA,
Φai =
1
2
ǫ˜abc(F ibc + 2λg(
σi
2i
)ABψ
A
b ψ
B
c )−
g2
3
π˜ai
ΦaA = ǫ˜abcDbψ
A
c +
g
3λ
π˜aA. (3.13)
These constraints indeed form a closed algebra under the Poisson bracket. To see this it
is convenient to use smeared constraints
G(ρ) ≡ i
∫
M (3)
d3xSTr(ρG) = i
∫
M (3)
d3x(θiGi − 2ǫAL
A)
≡ Gi(θi) + LA(ǫA), (3.14)
Φ(ξ) ≡ i
∫
M (3)
d3xSTr(ξaΦ) = i
∫
M (3)
d3x(φiaΦ
ai − 2ηaAΦ
aA)
≡ Φai(φia) + Φ
aA(ηaA). (3.15)
The calculation of Poisson brackets is not so difficult if we recall that these smeared con-
straints generate the GSU(2) gauge transformation (3.5) and the Kalb-Ramond transfor-
mation (3.6) on the canonical variables. The result is neatly written as
{G(ρ),G(ρ′)}PB = G([ρ, ρ
′]),
{Φ(ξ),G(ρ)}PB = Φ([ξ, ρ]),
{Φ(ξ),Φ(ξ′)}PB = 0. (3.16)
Of course these involve the whole information on the constraint algebra written in terms
of component fields. For instance the Poisson algebra between the components of the
9
Gauss’ law constraint reads as
{iGi(x), iGj(y)}PB = δ
3(x, y)ǫijk(iGk(x))
{iGi(x),−2iLA(y)}PB = δ
3(x, y)(
σi
2i
) BA (−2iLB(x))
{−2iLA(x),−2iLB(y)}PB = δ
3(x, y)(−2λg)(
σi
2i
)AB(iG
i(x)). (3.17)
This precisely coincides with the GSU(2) algebra.
One may suspect that the case with g = 0 need a careful consideration because the
definition of B is singular at g = 0. However, we do not have to be so nervous since no
negative power of g appears either in the action or in the smeared constraints, provided
that they are expressed in terms of component fields. Indeed if we start with the action
for the component fields
− iIN=2BF =
∫
(Σi ∧ F i + 2χa ∧DψA), (3.18)
and consider the linear combinations of the constraints appearing in the last expressions
of eqs.(3.14) and (3.15), the result of the constraint algebra reproduces the g → 0 limit
of the equations(3.16)(3.17).
One of the properties characteristic of the g = 0 case is that the symplectic potential
(3.10) is inherited to the reduced phase space5. To see this explicitly we compute the
transformation property of the symplectic potential under the GSU(2) gauge transforma-
tions and the Kalb-Ramond transformations. We find
δθΘ = i
∫
M (3)
d3xGiδθi,
δǫΘ = 2i
∫
M (3)
d3xLAδǫA,
δφΘ = i
∫
M3
d3xφiaδΦ
ai,
δηΘ = 2i
∫
M (3)
d3xηAa δΦ
a
A. (3.19)
These expressions vanish on the constraint surface Gi = LA = Φai = ΦaA = 0. This implies
that the reduced phase space has a well-defined cotangent bundle structure. The base
5Reduced phase space is the quotient space of the constraint surface modulo gauge transformations
in a broader sense. The constraint surface is the subspace of the phase space on which the first order
constraints vanish. Gauge transformations in a broader sense are the transformations generated by the
first order constraints.
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space of this cotangent bundle is provided by the reduced configuration space, which in this
case turns out to be the moduli space N0 of flat GSU(2) connections Aa = AiaJi + ψ
A
a JA
on M (3) modulo GSU(2) gauge transformations. The reduced phase space in the g = 0
case is therefore the cotangent bundle T ∗N0 over the moduli space N0 of flat GSU(2)
connections.
To quantize this system canonically, we have only to replace (i-times of )the basic
poisson brackets (3.11) by the commutation relations. If we use as wave functions the
functionals Ψ[Aa] of the connection Aa = AiaJi + ψ
A
a JA, the conjugate momenta become
the functional derivatives:
ˆ˜πai(x) ·Ψ[A] = −
δ
δAia(x)
Ψ[A], ˆπ˜aA(x) ·Ψ[A] =
1
2
δ
δψaA(x)
Ψ[A]. (3.20)
Next we solve the constraint equations. Gauss’ law constraint
Gˆi ·Ψ[A] = LˆA ·Ψ[A] = 0 (3.21)
requires the wavefunctions to be invariant under the (identity-connected component of
the) GSU(2) gauge transformations. The remaining constraint
Φˆai ·Ψ[A] = ΦˆaA ·Ψ[A] = 0 (3.22)
can easily be solved (at least formally).
For g = 0, this constraint requires the wavefunctions to have support only on the flat
GSU(2) connections. The solutions to all the constraints are therefore provided formally
by
Ψ[A] = F [Aa]
∏
x∈M (3)
∏
a,i
δ(ǫ˜abcF ibc(x))
∏
a,A
δ(ǫ˜abcDbψ
A
c (x))
 , (3.23)
where F [Aa] is an arbitrary GSU(2)-invariant functional of the connection Aa. Owing to
the delta functions F [A] reduces to the function on the moduli space N0 of flat GSU(2)
connections. Thus, naively, these solutions are considered to be “Fourier transforms” of
the topological solutions found in ref.[16].
For g 6= 0, we can rewrite the equation (3.22) as(
δ
δAia
+
3
2g2
STr(Jiǫ˜
abcFbc)
)
·Ψ[Aa] = 0,(
δ
δψaA
−
3
2g2
STr(JAǫ˜abcFbc)
)
·Ψ[Aa] = 0. (3.24)
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These equations have a unique solution, which is
Ψ[A] = e
−
3
2g2
WN=1
CS , (3.25)
where WN=1CS is the Chern-Simons functional for the GSU(2) connection A:
WN=1CS =
∫
M (3)
STr(AdA+
2
3
A ∧A ∧ A)
=
∫
M (3)
(AidAi +
1
3
ǫijkAi ∧Aj ∧Ak − 2λgψA ∧DψA). (3.26)
The solution (3.25) coincides with the N = 1 Chern-Simons solution found in refs.[17][18].
3.2 Ashtekar’s formalism for N = 1 supergravity
We are now in a position to discuss the relation of the N = 1 Ashtekar formalism to the
GSU(2) BF theory. First we notice that the action (3.4) is identical to the chiral action
for N=1 supergravity [11] with a cosmological constant Λ = g2 if we identify Ai, ψA,
ΣAB = Σi(σ
i
2i
)AB and χA with the anti-self-dual part of the spin connection, the left-handed
gravitino, the chiral two-form eAA′ ∧ e
BA′ constructed from the vierbein eAA
′
= eAA
′
µ dx
µ,
and with the chiral two form eAA′ ∧ ψ
A′ constructed from the right-handed gravitino ψA
′
,
respectively6. As a consequence of this identification the components (Σi, χA) of the B
field are subject to the algebraic constraints
ΣABCD ≡ Σ(AB ∧ ΣCD) = 0,
ΞABC ≡ Σ(AB ∧ χC). (3.27)
In order to obtain the action for Ashtekar’s formalism we first solve the algebraic
constraints (3.27) for the time components (Σita, χ
A
ta), and then substitute the result into
the canonical action(3.9). General solutions to eq.(3.27) are given by
Σita = −
1
2∼
ǫabc(−i∼N
ǫijk
2
π˜bj π˜ck + 2N bπ˜ci),
χAta = −∼ǫabc(−i∼Nπ˜
bA
B π˜
cB +N bπ˜cA) +
∼
ǫabcπ˜
bA
B π˜
cBC
∼MC . (3.28)
By substituting this expression into eq.(3.9), we find
− iIN=1Ash =
∫
dt
∫
M (3)
d3x(π˜aiA˙ia + 2π˜
aAψ˙aA
+AitG
i − 2ψtAL
A + 2∼MAR
A + i∼NH− 2N
aHa), (3.29)
6 Our action is in fact twice the action which is used in refs.[17][18]
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with the new constraints
RA =
1
2∼
ǫabcǫ
ijkπ˜bjπ˜ck(
σi
2i
)ABΦaB,
H =
1
4∼
ǫabcǫ
ijkπ˜bjπ˜ckΦai − 2
∼
ǫabcπ˜
bi(
σi
2i
)ABπ˜
cBΦaA,
Ha =
1
2∼
ǫabcπ˜
biΦci +
∼
ǫabcπ˜
bAΦcA. (3.30)
Physically, RA generates right-supersymmetry transformations, H generates bubble-time
evolutions, and Ha generates spatial diffeomorphisms. In passing, among the GSU(2)
gauge transformations, the transformations generated by Gi are reinterpreted as local
Lorentz transformations for left-handed fields and the transformations generated by LA
are regarded as left-supersymmetry transformations.
Let us now briefly consider the canonical quantization. Here we also use Ψ[Aa] as
wavefunctions. Because Gauss’ law constraint remains intact, the wavefunctions have
to be invariant under the GSU(2) gauge transformations. When we solve the new con-
straints (RA,H,Ha), we should note that these constraints are linear combinations of the
constraints (Φai,ΦaA) in the BF theory, with the coefficients being polynomials in the
momenta (π˜ai, π˜aA). As a consequence, if we take the ordering with the momenta to the
left, the solutions (3.23)(3.25) for the GSU(2) BF theory are involved into the solution
space for quantum N = 1 supergravity in the Ashtekar form. These solutions are the
topological solutions found in refs.[16][17][18].
Before ending this section we see how the symmetry of the theory is influenced by
the algebraic constraints(3.27). For this purpose we look into the variation of the con-
straints (ΣABCD,ΞABC) under the gauge transformations (in a broader sense). Because
these constraints transform covariantly under the GSU(2) gauge transformations (see the
appendix), the GSU(2) gauge symmetry is preserved even after imposing the algebraic
constraints. However, the Kalb-Ramond symmetry (3.6) in general breaks down because
the variation of (ΣABCD,ΞABC) does not vanish even after imposing all the constraints.
More precisely, by computing the variation using eq. (3.8) and equations of motion which
are derived from the variation of the action(3.1) w.r.t. the connection A, we find
δξΣ
ABCD = −2D(φ(AB ∧ ΣCD)) + 2{φ(AB ∧ χC + Σ(AB ∧ ηC} ∧ ψD)
δξΞ
ABC = −D(φ(AB ∧ χC) + Σ(AB ∧ ηC))− 2λgφ(AB ∧ ΣCD)ψD. (3.31)
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In other words, the Kalb-Ramond symmetry survives if the parameter ξ is such that
the variation(3.31) vanishes. A sufficient condition for not violating the Kalb-Ramond
symmetry is provided by
φ(AB ∧ ΣCD) = φ(AB ∧ χC) + Σ(AB ∧ ηC) = 0. (3.32)
If we assume the vierbein eAA
′
to be nondegenerate, this equation is completely solved by
the superposition of the diffeomorphisms
φiµ = v
νΣiµν
ηAµ = v
νχAµν , (3.33)
and the right-supersymmetry transformations
φi = 0,
Σ(AB ∧ ηC) = 0. (3.34)
Thus we have seen explicitly that the imposition of the algebraic constraints(3.27) breaks
the Kalb-Ramond symmetry down to the symmetry under the diffeomorphisms and the
right-supersymmetry transformations.
In the Lagrangian formalism, we impose the algebraic constraints by introducing the
linear terms in the auxiliary fields (ΨABCD = Ψ(ABCD), κABC = κ(ABC)):
− iIN=1aux. =
∫
(−ΨABCDΣ
AB ∧ ΣCD − 2κABCΣ
AB ∧ χC). (3.35)
The transformation properties of the fields are somewhat modified, while the essential
features remain valid. This is explained in the Appendix.
4 G2SU(2) BF theory and Ashtekar’s formulation for
N = 2 supergravity
In this section we demonstrate that N = 2 supergravity can be cast into the form of the
“constrained” BF theory with the gauge group being an appropriate graded version of
SU(2). Except a few subtleties, the argument goes in almost the same manner as in the
previous two cases. So we briefly explain the overview focusing on the subtleties.
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The relevant graded Lie algebra is provided by
[Ji, Jj] = ǫijkJk, [Ji, J
(α)
A ] = (
σi
2i
) BA J
(α)
B , [Ji, J ] = 0,
[J, J
(α)
A ] = g(τ
3)αβJ
(β)
A , [J, J ] = 0,
{J (α)A , J
(β)
B } = −ǫ
αβǫABJ + 4g(τ
3)αβ(
σi
2i
)ABJi, (4.1)
where α, β, · · · denotes the spinor indices for the internal SU(2) symmetry existing in the
N = 2 supergravity with a vanishing cosmological constant Λ ≡ −6g2 = 0. τ 3 is the third
component of the Pauli matrices:
(τ 3)αβ = (τ
3) αβ ≡ (τ
3)αβ =
(
1 0
0 −1
)
. (4.2)
In this paper we will tentatively refer to this graded algebra (4.1) as G2SU(2).
Let us investigate the G2SU(2) BF theory. The action is
− iIN=2BF =
∫
STr(B ∧ F + g2B ∧ B), (4.3)
where B = ΣiJi−
1
2g
(τ 3)βαχ
A
β J
(α)
A +
1
4g2
BJ is a G2SU(2)-valued two-form, F = A+A∧A
is the curvature two-form of a G2SU(2) connection A = AiJi + ψAαJ
(α)
A + AJ . STr used
here is the unique G2SU(2)-invariant bilinear two form:
STr(JiJj) = δij , STr(J
(α)
A J
(β)
B ) = 4gǫAB(τ
3)αβ , STr(JJ) = 4g2,
STr(JiJ
(α)
A ) = STr(JiJ) = STr(J
(α)
A J) = 0. (4.4)
We can now rewrite the action (4.3) in terms of the component fields
− iIN=2BF =
∫  Σ
i ∧ (F i + 2gψAα ∧ ψBβ (τ
3)βα(
σi
2i
)AB)
+2χAα ∧ (Dψ
α
A − g(τ
3)αβA ∧ ψ
β
A) + B ∧ Fˆ
+g2Σi ∧ Σi − g(τ 3)βαχ
α
A ∧ χ
A
β +
1
4
B ∧B
 , (4.5)
where we have set Fˆ = dA− 1
2
ψAα ∧ψ
α
A. This action obviously enjoys the symmetry under
the G2SU(2) gauge transformations
δρA = −Dρ ≡ −dρ− [A, ρ]
δρB = [ρ,B] (4.6)
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with ρ = θiJi + ǫ
A
αJ
(α)
A + λJ being a G
2SU(2)-valued scalar, and the Kalb-Ramond sym-
metry
δξA = 2g
2ξ
δξB = −Dξ ≡ −dξ −A ∧ ξ − ξ ∧ A (4.7)
with ξ = φiJ i − 1
2g
(τ 3)βαη
A
β J
(α)
A +
1
4g2
κJ being a G2SU(2)-valued one-form. These trans-
formations written in terms of component fields are as follows. The G2SU(2) gauge
transformations are
δρA
i = −Dθi + 4g(
σi
2i
)AB(τ
3)αβψAα ǫ
B
β
δρψ
A
α = θ
i(
σi
2i
)ABψ
B
α −Dǫ
A
α − g(τ
3)βαǫ
A
βA+ gλ(τ
3)βαψ
A
β
δρA = −dλ− ǫ
A
αψ
α
A
δρΣ
i = ǫijkθjΣk + 2ǫαB(
σi
2i
)BCχ
C
α
δρχ
A
α = θ
i(
σi
2i
)ABχ
B
α + 2g(τ
3)βαǫ
B
β (
σi
2i
)ABΣ
i +
1
2
ǫAαB + gλ(τ
3)βαχ
A
β
δρB = 2gǫ
α
A(τ
3)βαχ
A
β . (4.8)
In the N = 2 supergravity, transformations generated by θi, by ǫAα and by λ are respec-
tively interpreted as local Lorentz transformations, left-SUSY transformations and U(1)
gauge transformations. The Kalb-Ramons transformations for the component fields are
given by
δξA
i = 2g2φi
δξψ
A
α = −g(τ
3)βαη
A
β
δξA =
1
2
κ
δξΣ
i = −Dφi − 2(
σi
2i
)ABψ
A
α ∧ η
Cα
δξχ
A
α = 2g(τ
3)βα(
σi
2i
)ABφ
i ∧ ψBβ −Dη
A
α − g(τ
3)βαA ∧ η
A
β −
1
2
ψAα ∧ κ
δξB = −2g(τ
3)βαψ
α
A ∧ η
A
β − dκ. (4.9)
As we will see shortly, these transformations are closely related to the diffeomorphisms
and the right-SUSY transformations in the N = 2 supergravity.
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Let us now briefly look into the canonical quantization. In the canonical formalism,
action (4.3) is rewritten as follows
− iIN=2BF =
∫
dt
∫
M (3)
d3xSTr[Π˜aA˙a +AtG+ BtaΦ
a], (4.10)
where we have set Π˜a = 1
2
ǫ˜abcBbc = π˜aiJi −
1
2g
(τ 3)βαπ˜
Aa
β J
(α)
A +
1
4g2
π˜aJ . In terms of the
component fields this canonical action becomes
− iIN=2BF =
∫
dt
∫
M (3)
d3x
 π˜
aiA˙ia + 2π˜
aA
α ψ˙
α
Aa + π˜
aA˙a
+AitG
i − 2ψαAtL
A
α + AtG
+ΣitaΦ
ai + 2χAαtaΦ
aα
A +BtaΦ
a
 . (4.11)
As in the previous cases this system has two types of first class constraints. Gauss’ law
constraint
G = DaΠ˜
a
= GiJi −
1
2g
(τ 3)βαL
A
β J
(α)
A +
1
4g2
GJ (4.12)
generates the G2SU(2) transformations(4.8). And the remaining constraint
Φa =
1
2
ǫ˜abcFbc + 2g
2Π˜a
= ΦaiJi + Φ
aA
α J
α
A + Φ
aJ (4.13)
generates the Kalb-Ramond symmetry(4.9). The explicit form of Gauss’ law constraint
can be seen in refs.[15][17]. Expressions for the remaining constraints are also seen im-
plicitly in these references.
Canonical quantization of this theory can be handled in the analogous way to the
GSU(2) case (except for g = 0). We will use as wavefunctions the functionals Ψ[Aa] of the
G2SU(2) connection Aadx
a. Gauss’ law constraint tells us that Ψ[Aa] should be invariant
under (the identity-connected component of) the G2SU(2) gauge transformations. For
g 6= 0, the remaining constraint can be solved similarly to the GSU(2) case. In this case
we have the unique solution
Ψ[Aa] = e
1
4g2
WN=2
CS ,
WN=2CS =
∫
M (3)
STr(AdA+
2
3
A ∧A ∧ A)
=
∫
M (3)
[AidAi +
1
3
ǫijkAi ∧Aj ∧ Ak
−4g(τ 3)αβψαA ∧ (Dψ
A
β + g(τ
3)γβA ∧ ψ
A
γ ) + 4g
2AdA]. (4.14)
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This coincides with the N = 2 super-extended version of the Chern-Simons solution found
in ref.[17].
For g = 0, a special consideration is needed, because in the present case a remnant of
the “cosmological term” g2B∧B exists even in the limit g → 0. Particularly, the reduced
phase space loses the cotangent bundle structure unlike in the case of SU(2) or GSU(2).
We can nevertheless construct solutions to the quantum constraints, at least formally. As
in the g 6= 0 case Gauss’ law constraint merely requires the wavefunctions to be G2SU(2)
gauge invariant. The remaining constraints in the g = 0 case is written as
Φˆai ·Ψ[A] =
1
2
ǫ˜abcF ibc ·Ψ[A] = 0,
ΦˆaαA ·Ψ[A] = ǫ˜
abcDbψ
α
Ac ·Ψ[A] = 0,
Φˆa ·Ψ[A] =
[
1
2
ǫ˜abc(Fbc − ψ
A
αbψ
α
Ac)−
1
2
δ
δAa
]
Ψ[A] = 0, (4.15)
where Fbc = 2∂[bAc] is the field strength of the U(1) connection A. Formal solutions to
these equations are given by
Ψ[A] = eWU(1)F [Ai, ψαA]
∏
x∈M (3)
∏
a,i
δ(ǫ˜abcF ibc(x))
∏
a,A,α
δ(ǫ˜abcDbψ
α
Ac(x))
 , (4.16)
where F [Ai, ψαA] is a G
2SU(2) gauge invariant function of (Aia, ψ
α
Aa) and
WU(1) ≡
∫
M (3)
(AdA− A ∧ ψAα ∧ ψ
α
A).
As it is, however, eq.(4.16) is not G2SU(2) gauge invariant. There is no problem in the
delta function part because the curvatures (F i, DψαA) transform covariantly under the
G2SU(2) gauge transformations and because their gauge transformations do not involve
the U(1) part Fˆ = dA− 1
2
ψAα ∧ψ
α
A. The functional WU(1) is, however, not invariant under
the left-SUSY transformations. After a somewhat lengthy calculation, we see that WU(1)
transforms as7
e−iLˆ(ǫ)WU(1)e
iLˆ(ǫ) −WU(1)
=
∫
M (3)
[ǫAαψ
α
A ∧ ψ
B
β ∧ ψ
β
B −
1
2
ǫαADǫ
A
α ∧ ψ
B
β ∧ ψ
β
B − ǫ
A
αψ
α
A ∧ d(ǫ
B
β ψ
β
B)
+DǫAα ∧Dǫ
α
A ∧ ǫ
B
β ψ
β
B −
1
4
ǫαADǫ
A
α ∧ d(ǫ
β
BDǫ
B
β )] (4.17)
7 We have assumed that F ibc = D[bψ
α
c]A = 0 hold.
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where Lˆ(ǫ) ≡ −2i
∫
M (3) d
3xǫAα Lˆ
α
A is the generator of the left-SUSY transformations. We
should note that the U(1) connection A does not appear anywhere in the r.h.s of the above
expression. The wavefunction (4.16) with WU(1) replaced by e
−iLˆ(ǫ)WU(1)e
iLˆ(ǫ) therefore
remains to be the solution of eq.(4.15). Now we can give formal solutions to all the
constraint equations in the g = 0 case:
Ψ[A] = F [Ai, ψαA]
∏
x∈M (3)
∏
a,i
δ(ǫ˜abcF ibc(x))
∏
a,A,α
δ(ǫ˜abcDbψ
α
Ac(x))

×
∫
[dǫAα ] exp(e
−iLˆ(ǫ)WU(1)e
iLˆ(ǫ)), (4.18)
where [dǫAα ] denotes an SU(2) invariant measure.
In passing, F [Ai, ψαA] can be interpreted as the gauge invariant functional of the “trun-
cated” connection Â ≡ AiJi+ψ
A
α Ĵ
(α)
A , where (Ji, Ĵ
(α)
A ) are the generators of the following
truncated algebra
[Ji, Jj] = ǫijkJk, [Ji, Ĵ
(α)
A ] = (
σi
2i
) BA Ĵ
(α)
B , {Ĵ
(α)
A , Ĵ
(β)
B } = 0. (4.19)
This is possible because the U(1) part J in the G2SU(2) algebra (4.1) with g = 0 almost
decouples from the rest generators (Ji, J
(α)
A ).
The relation to N = 2 supergravity is not so simple. This is because the chiral action
of N = 2 supergravity[15][17]
− iIN=2Ash =
∫  Σ
i ∧ (F i + 2g(τ 3)βα(
σi
2i
)ABψ
αA ∧ ψBβ ) + 2χ
A
α ∧ (Dψ
α
A − g(τ
3)αβA ∧ ψ
β
A)
+g2Σi ∧ Σi − g(τ 3)βαχ
α
A ∧ χ
A
β −ΨABCDΣ
AB ∧ ΣCD − 2καABCΣ
AB ∧ χCα
−Fˆ ∧ Fˆ + ϕiFˆ ∧ Σi − 1
4
ϕiϕjΣi ∧ Σj + ϕi(σ
i
2i
)ABχ
A
α ∧ χ
Bα

(4.20)
involves the terms which are (at most) quadratic in the auxiliary field ϕi:
− iLU(1) ≡ −Fˆ ∧ Fˆ + ϕ
iFˆ ∧ Σi −
1
4
ϕiϕjΣi ∧ Σj + ϕi(
σi
2i
)ABχ
A
α ∧ χ
Bα. (4.21)
First we translate this quadratic part −iLU(1) into the terms which are at most linear in
auxiliary fields as follows. We know how to deal with auxiliary fields which appear in the
action at most quadratically: we have only to solve equations of motion obtained from
the variation w.r.t the auxiliary fields and to substitute the result into the action. In the
present case the desired equations of motion are
Σi ∧B = 2(
σi
2i
)ABχ
A
α ∧ χ
Bα, (4.22)
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where we have set B = ϕiΣi − 2Fˆ . Using this, eq.(4.21) is rewritten as
−iLU(1) = −
1
4
B ∧ B + (B + 2Fˆ ) ∧
1
2
B.
Arranging this expression neatly and taking account of the algebraic constraint (4.22),
the quadratic part (4.21) turns out to be equivalent to the following expression which is
at most linear in the new auxiliary field ϕ′AB
8
− iLU(1) = B ∧ Fˆ +
1
4
B ∧ B − ϕ′AB(Σ
AB ∧ B − χAα ∧ χ
Bα). (4.23)
Substituting this into the chiral N = 2 action (4.20) and comparing the result with the
G2SU(2) BF action (4.5), we find
− iIN=2Ash = −iI
N=2
BF − iI
N=2
aux.
−iIN=2aux. =
∫
[−ΨABCDΣ
AB ∧ ΣCD − 2καABCΣ
AB ∧ χCα
−ϕ′AB(Σ
AB ∧ B − χAα ∧ χ
Bα)]. (4.24)
Thus we have established the relation between N = 2 supergravity and the G2SU(2) BF
theory. Namely, N = 2 supergravity in Ashtekar’s form is regarded as the G2SU(2) BF
theory (4.3), with the B fields being subject to the algebraic constraints
ΣABCD ≡ Σ(AB ∧ ΣCD) = 0
ΞABCα ≡ Σ
(AB ∧ χC)α = 0
BAB ≡ ΣAB ∧ B − χAα ∧ χ
Bα = 0. (4.25)
As in theN = 1 case, Ashtekar’s formalism forN = 2 supergravity is derived by solving
these algebraic constraints for the time components (Σita, χ
A
αta, Bta) and by substituting
the solution into the canonical BF action (4.11). Gauss’ law constraint is inherited as it
is from the BF theory. In addition we have three types of constraints: the Hamiltonian
constraint H, the diffeomorphism constraint Ha and the constraint RAα which generates
right-SUSY transformations. These are given by linear combinations of the constraints
(Φai,ΦaαA ,Φ
a) in the G2SU(2) BF theory:
HI = CIai(Π˜
a)Φai + CIAaα (Π˜
a)ΦaαA + C
I
a (Π˜
a)Φa, (4.26)
8ϕ′AB can be identified with ϕAB = ϕ
i(σ
i
2i )AB if B is integrated out.
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where we have set (HI) ≡ (H,Ha, RAα ). The crucial thing is that the coefficients depend
only on the momenta Π˜a and not on the connections Aa. The solutions (4.14)(4.18) to
the quantum G2SU(2) BF theory are thus included in the solution space of canonically
quantized N = 2 supergravity, provided that we take the ordering with the momenta to
the left.
Similarly to the N = 1 case the Kalb-Ramond symmetry (4.9) in general breaks down
owing to the algebraic constraint (4.25). By the argument parallel to the previous section
we can find a sufficient condition for the Kalb-Ramond symmetry to preserve the algebraic
constraints:
φ(AB ∧ ΣBC) = 0,
φ(AB ∧ χC)α + Σ
(AB ∧ ηC)α = 0,
φAB ∧B + ΣAB ∧ κ = 2η(Aα ∧ χ
B)α. (4.27)
Assuming that the vierbein eAA
′
to be nondegenerate, these equations are completely
solved by the superposition of the diffeomorphisms
φiµ = v
νΣiµν , η
A
αµ = v
νχAαµν , κµ = v
νBµν , (4.28)
and the right-SUSY transformations
φi = 0, Σ(AB ∧ ηC)α = 0, Σ
AB ∧ κ = 2η(Aα ∧ χ
B)α. (4.29)
5 Discussion
In this paper we have shown explicitly that N = 1 and N = 2 supergravities in Ashtekar’s
form can be cast into the form of BF theories with the B fields subject to the algebraic
constraints. Once we have established these relations it is expected that considerable
progress will be made on the canonical quantum gravity both technically and conceptually.
For example, we may use the technic developed in the BF theory[10] at least when we
investigate the topological sector of the canonical quantum gravity. With regard to pure
gravity some works of this kind can be seen in refs. [13][23][24]. The results in this paper
suggest that we can exploit similar methods also for studying N = 1, 2 supergravities.
Because the BF theory resembles the Chern-Simons gauge theory[25], the methods for
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studying (2+1)-dimensional Einstein gravity in the Chern-Simons form[26][27] may be
applied. It is of particular interest to investigate the physical significance of the topolog-
ical solutions. While geometrical interpretation of the Chern-Simons solutions is studied
considerably well [9][18][28], we do not know any works on the geometrical interpretation
of the topological solutions in the case where the cosmological constant vanishes. Naively
considering these solutions correspond to the flat spaces because they have support only
on the flat anti-self-dual connections and because the imposition of the reality condition
indicates that the self-dual connection should also be flat. The problem is how the mod-
uli of the connections are related to the spacetime structure. We anticipate that they
are intimately related with the geometric structures as in (2+1)-dimensions [29]. This is
currently under investigation[30].
Recently an attempt appeared to extend the loop representation [6] to N = 1 super-
gravity [31]. As we have shown that N = 2 supergravity is described by the G2SU(2)
connection, loop representation may be extended also to N = 2 supergravity.
There are several attempts to interpret Einstein gravity as an “unbroken phase” of
some topological field theories [32][33]. We may extend these ideas to supergravities.
Probably this deserves studying because the existence of the supersymmetry is believed
by many people and thus supergravities seem to be more realistic than pure gravity.
N = 2 supergravity is of its own interest because the twisted version of N = 2
supergravity gives rise to a topological gravity [34]. Ashtekar’s formalism can be applied
also to this twisted N = 2 supergravity [35]. To see whether twisted N = 2 supergravity
is related to a BF theory or not is left to the future investigation.
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A Appendix
In this appendix we look into the symmetry of the N = 1 Ashtekar’s formalism in the
Lagrangian form. The relevant action is
− iIN=1Ash = −iI
N=1
BF − iI
N=1
aux. , (A.1)
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where −iIN=1BF is the GSU(2) BF action(3.1) and −iI
N=1
aux. is the linear terms (3.35) in the
auxiliary fields (ΨABCD, κABC). When we discuss the symmetry of the action, we cannot
use equations of motion. This is because the equations of motion are nothing but the
condition for the action to be stationary under any variations of the fields. Thus a careful
consideration is necessary.
In order to IN=1Ash make invariant under the GSU(2) gauge transformations, we have
only to consider (ΨABCD, κABC) to be covariant under these transformations. For SU(2)
transformations, it is obvious that (ΨABCD, κABC) should transform as is suggested by
their spinor indices. Because the algebraic constraints transform under the left-SUSY
transformations as
δǫΣ
ABCD = −2ǫ(AΞBCD)
δǫΞ
ABC = −λgΣABCDǫD, (A.2)
the auxiliary fields are required to transform as follows
δǫΨABCD = 2λgκ(ABCǫD)
δǫκABC = ΨABCDǫ
D. (A.3)
Next we consider the Kalb-Ramond symmetry. The transformations of the algebraic
constraints under off-shell are
δξΣ
ABCD = −2φ(AB ∧ {DΣCD) − ψC ∧ χD)}+ (terms appeared in eq.(3.31)),
δξΞ
ABC = −φ(AB ∧ {DχC) − λgΣC)D ∧ ψD}+ {DΣ
(AB − ψ(A ∧ χB} ∧ ηC)
+(terms appeared in eq.(3.31)). (A.4)
We should be aware that the expressions in the braces are the equations of motion obtained
from the variation of the action (A.1) w.r.t the connection A. This implied that, under
the condition (3.32), we can render the action −iIN=1Ash invariant by adding some extra
terms to the transformation of the connection. Adding these extra terms to the original
transformations(3.8), we find the total transformation of the connection
δξA
i = −
g2
3
φi − 2(
σi
2i
)AB(ΨABCDφ
CD + κABCη
C),
δξψ
A =
g
3λ
ηA + κABCφBC . (A.5)
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If we set φi = 0, this exactly coincides with the right-SUSY transformation in refs.[17][18].
We can also show that, similarly to the cases of BF theories, the transformation (A.5) with
the parameter ξµ = v
νBµν yields the diffeomorphism generated by vµ
∂
∂xµ
under on-shell.
References
[1] A. Ashtekar, Phys. Rev. Lett. 57 (1986) 2244 ; Phys. Rev. D36 (1987) 295
[2] For the references on the developments in Ashtekar’s formalism, see e. g.:
T. A. Schilling, “Bibliography of publications related to classical and quantum gravity
in terms of the Ashtekar variables”, gr-qc/9409031.
[3] B. S. Dewitt, Phys. Lev. 160 (1967) 1113
[4] R Arnowitt, S. Deser and C. W. Misner, in “Gravitation, An Introduction to Current
Research”, ed. by L. Witten (John Willey and Sons, 1962) Chap. 7
[5] T. Jacobson and L. Smolin, Nucl. Phys. B299 (1988) 295;
V. Husain, Nucl. Phys. B313 (1989) 711;
B. Bru¨gmann and J. Pullin, Nucl. Phys. B363 (1991) 221;
K. Ezawa, “Combinatorial solutions to the Hamiltonian constraint in (2+1)-
dimensional Ashtekar gravity”, OU-HET/217, gr-qc/9506043, to appear in Nucl. Phys.
B
[6] C. Rovelli and L. Smolin, Nucl. Phys. B331 (1990) 80
[7] K. Ezawa, “Multi-plaquette solutions for discretized Ashtekar gravity”, OU-HET/223,
gr-qc/9510019
[8] M. P. Brencowe, Nucl. Phys. B341 (1990) 213
[9] H. Kodama, Phys. Rev. D42 (1990) 2548; B. Bru¨gmann, R. Gambini and J. Pullin,
Nucl. Phys. B385 (1992) 587
[10] M. Blau and G. Thomson, Phys. Lett. B228 (1989) 64; Ann. Phys. 205 (1991);
G. Horowitz, Comm. Math. Phys. 125 (1989) 417
24
[11] R. Capovilla, J. Dell, T. Jacobson and L. Mason, Class. Quant. Grav. 8 (1991) 41
[12] J. C. Baez, “Knots and Quantum Gravity: Progress and Prospects”, gr-qc/9410018
[13] H. Y. Lee, A. Nakamichi and T. Ueno, Phys. Rev. D47 (1993) 1563
[14] T. Jacobson, Class. Quant. Grav. 5 (1988) 923
[15] H. Kunitomo and T. Sano, Int. J. Mod. Phys. D1 (1993) 559
[16] H.-J. Matschull, “New representation and a vacuum state for canonical quantum
gravity”, gr-qc/9412020
[17] T. Sano, “The Ashtekar Formalism and WKB Wave Function of N = 1, 2 Supergrav-
ities”, hep-th/9211103
[18] T. Sano and J. Shiraishi, Nucl. Phys. B410 (1993) 423;
G. Fu¨lo¨p, Class. Quant. Grav. 11 (1994) 1
[19] M. Kalb and P. Ramond, Phys. Rev. D9 (1974) 2273
[20] P. A. M. Dirac, Lectures on Quantum Mechanics (Yeshiva University, New York,
1964)
[21] A Ashtekar, Lectures on Nonperturbative Canonical Gravity (World Scientific, Sin-
gapore, 1991) Appendix D
[22] A. Pais and V. Rittenberg, J. Math. Phys. 16 (1975) 2062; Err. ibid. 17 (1976) 598
[23] M. Abe, A. Nakamichi and T. Ueno, Mod. Phys. Lett. A9 (1994) 695; Phys. Rev.
D50 (1994) 7323
[24] P. Cotta-Ramusino and M. Martellini, in “Knots and Quantum Gravity”, ed. by J.
C. Baez (Clarendon Press, Oxford, 1994);
L. Chang and C. Soo, Phys. Rev. D46 (1992) 4257
[25] E. Witten, Comm. Math. Phys. 121 (1989), 351-399
[26] A. Achucarro and P. K. Townsend, Phys. Lett. B180 (1986) 89
25
[27] E. Witten, Nucl. Phys. B311 (1988) 46
[28] L. Smolin and C. Soo, Nucl. Phys. B449 (1995) 289
[29] S. Carlip, in “Knots and Quantum Gravity”, ed. by J. C. Baez (Clarendon Press,
Oxford, 1994)
[30] K. Ezawa, in preparation
[31] R. Gambini, O. Obrego´n and J. Pullin, “Towards a loop representation for quantum
canonical supergravity”, hep-th/9508036
[32] M. Medina and J. A. Nieto, “A relation between gravity in (3+1)-dimensions and
Pontrjagin topological invariant”, hep-th/9508128
[33] M. Katsuki, H. Kubotani, S. Nojiri and A. Sugamoto, “Is the Condensation of Strings
the Origin of Einstein Gravity?”, hep-th/9506072;
[34] D. Anselmi and P. Fre`, Nucl. Phys. B392 (1993) 401
[35] P. L. Paul, “Topological Symmetries of Twisted N = 2 Chiral Supergravity in
Ashtekar Formalism”, hep-th/9504144
26
